Objective: To examine the association between shift work and unhealthy weight among female nurses and midwives. Methods: A crosssectional study. Measurement outcomes included shift work, unhealthy weight (underweight: body mass index [BMI] < 18.5; overweight: BMI 25.0 to 29.9; obesity: BMI > 30.0), diet quality, physical-activity level, alcohol consumption, and smoking status. Results: Among the 2494 participants (1259 day and 1235 shift workers), only 1% of the participants were underweight, 31.8% were overweight, and 26.9% were obese. After adjusting the selected confounders, shift workers were 1.15 times more likely to be overweight/obese than day workers (P = 0.013, 95% confidence interval, 1.03 to 1.28; P = 0.02, 95% confidence interval, 1.02 to 1.30, respectively). Conclusions: Shift work is associated with higher risk of being overweight/obese. Longitudinal studies are being undertaken to better understand the causal relationship between shift work and unhealthy weight.
prevalence of female adulthood underweight was 8.9% in Australia, 3 .6% in New Zealand, and 6% in the United Kingdom. [9] [10] [11] On the contrary, people are more aware of many chronic health conditions that are associated with being overweight and/or obese, including Type II diabetes, cardiovascular disease, osteoarthritis, hypertension and stroke, and certain forms of cancer. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Obesity has reached epidemic proportions globally, with more than 1 billion adults who are overweight, and at least 300 million of these are clinically obese. 25 Obesity rates have increased threefold or more since 1980 in some areas of North America, the United Kingdom, Eastern Europe, the Middle East, the Pacific Islands, Australia, and China. 25 In 2004 to 2005, there was a 9% increase in the Australian adult population being either overweight or obese since 1995. 26 Among Australian women, 25% of women aged 18 years and older were overweight and 17% were obese. 27 The prevalence of being overweight and/or obese has also increased in the United Kingdom and New Zealand over the past decades. 10, 11 Many studies have been conducted to identify the causes and risk factors associated with overweight/obesity, 28, 29 and interventions have focused on treating or modifying these conditions to reduce the health consequences.
Shift work is defined as work performed primarily outside typical daytime hours and includes evening shifts, rotating shifts, irregular shifts, and flexitime. 30 It has been identified as one of the factors that may have an impact on being overweight and/or obese, and research findings suggest that shift work may increase the likelihood of being overweight and/or obese by at least 39%. [31] [32] [33] [34] Conversely, despite the potentially serious health consequences, research on underweight has been limited, perhaps reflecting the comparatively lower prevalence of being underweight in the population. Therefore, research that examines causes and risk factors associated with unhealthy weight in shift workers should be extended to include underweight.
The primary aim of this study was to examine the association between shift work and unhealthy weight among nurses and midwives. The secondary aim was to explore the relationship between shift work and modifiable lifestyle factors, including diet quality, physical activity, smoking, and alcohol consumption as potential confounders.
total registrants to date, of whom, 7604 registrants completed survey 1 (75%) and 5280 registrants completed survey 2 (follow-up rate, 69%). Survey 3 was opened on-line on May 18, 2010, and it is continuing now.
This sub-study is cross-sectional in design, using data from the baseline survey. To be included in the study sample, a respondent must be currently working as a nurse and/or midwife who is not pregnant at the time of data collection and has to meet one of the following two criteria:
1. Working shifts (such as continuous shift work, evening shifts only, night shifts only, morning and evening shifts only, or evening and night shifts only); and 2. Working in day shift (including day shifts only without weekends or day shifts only with weekends).
Among the 7604 registrants who completed survey 1, 2612 (34%) nurses and/or midwives met the inclusion criteria and provided information on the modifiable lifestyle factors (smoking, alcohol consumption, physical activity, and diet quality). Among this sample, 2494 (95%) were female nurses and/or midwives. Because of the small number of male participants, the decision was made to analyze data collected from only female participants. Other reasons for selecting only women as the sub-study sample was to counterbalance the existing male dominance in populations drawn for shiftwork research 36 and to remove the effects of gender as a potential confounding variable.
Variables

Exposure variable (shift work)
In the NMeS, work schedule was measured by asking the respondent to identify which of the following categories described her/his current shift schedule: (1) day shifts only without weekends; (2) day shifts only with weekends; (3) continuous shift work; (4) evening shifts only; (5) night shifts only; (6) morning and evening shifts only; and (7) evening and night shifts only. For the purposes of this sub-study, the first two response categories were considered as day work and the remaining five categories as shift work.
Dependent variables (modifiable lifestyle factors and unhealthy weight)
Unhealthy weight included underweight, overweight, and obese, which were defined according to the BMI classification standards by WHO. 37 These cutoff points are as follows: (1) underweight: less than 18.5; (2) normal: 18.5 to 24.9; (3) overweight: 25.0 to 29.9; and (4) obese: 30.0 or more.
Unhealthy weight is caused by energy imbalance, which is affected by people's diet, physical activity level, and other lifestyle habits. 38 The association between smoking and unhealthy weight is complex, 39 and the impact of alcohol consumption on one's weight change is not yet established. 40 Therefore, in this study, diet quality, physical activity, smoking, and alcohol consumption were selected as modifiable lifestyle factors to better understand the impact of the interaction of those factors and shift work on unhealthy weight.
Diet quality was measured by using the Australian Recommended Food Score (ARFS). 41 The ARFS is a 74-item instrument in which each item has a "Yes-No" response format. This instrument has been developed and validated to be a quick and easy way to assess individuals on the quality of diet on the basis of a set of dietary targets. 41, 42 The maximum ARFS is 74 and scores are categorized into five categories according to different cut-points, in which higher scores are indicative of higher diet quality.
Physical activity was assessed by the International Physical Activity Questionnaire (IPAQ). This questionnaire is used internationally to obtain the comparable estimate of physical activity and to measure the prevalence and impact of the sedentary lifestyle. The validity of IPAQ as an estimate of the level of physical activity has been established, [43] [44] [45] [46] and the test-retest reliability has been evaluated in other studies. 43, 45, [47] [48] [49] The guidelines for data processing and scoring of IPAQ are available on-line (http://www.ipaq.ki.se/scoring.pdf), and IPAQ can be treated as a continuous variable or a categorical variable (low, moderate, and high). 50 For the purposes of this substudy, IPAQ scores have been treated as a categorical variable.
Smoking status was assessed by items from Nurses' Health Studies ( http://www.channing.harvard.edu/nhs/). 51 In this sub-study, the items relating to smoking required the respondents to identify as a "current smoker," "former smoker," or "never smoker."
Alcohol consumption was assessed by asking respondents to indicate how often, on average, they drink one glass, bottle, can of beer (heavy) or beer (light), red or white wine, or spirits (eg, vodka). These items were based on the semiquantitative Food Frequency Questionnaire. 52 The validity and reliability of Food Frequency Questionnaire have been reported. [53] [54] [55] [56] [57] [58] In Australia, the National Health and Medical Research Council has developed population guideline for low-risk drinking. 59 The guidelines address both shortterm and long-term risks in terms of "standard drinks" consumed per week. In this sub-study, four categories were proposed on alcohol consumption, which included "abstains from alcohol consumption," "low-risk drinkers," "risky drinkers," and "high-risk drinkers."
STATISTICAL METHOD
All statistical analyses were undertaken by using Stata version 9.2 (StataCorp, College Station, TX). 60 A significance level of 0.05 was determined for all statistical tests. At the univariate level of inferential statistics, mean and standard deviation were calculated for the only continuous variable (age), and Pearson's chi-squared tests were used for the other categorical variables. Multivariate modeling was performed by using a modified Poisson regression approach. 61 In this approach, dichotomous variables (underweight-yes/no; overweight--yes/no; obesity--yes/no) were created. Two models were constructed in the multivariate analysis. Model 1 included age as a covariate in analyzing the association between shift work and each dependent variable. In the second model, the modifiable lifestyle factors that had reached statistical significance in model 1 were also included in the analysis in addition to age.
RESULTS
In the sub-study sample, there were 2494 nurses and midwives aged 20 to 70 years (42.8 ± 9.9). Shift workers were about 4 years younger than day workers (41.3 vs 45.1 years, P < 0.0001). Among those who indicated the country where they were working at the time of data collection, 70.9% (1768 of 2494) of the participants were working in Australia, and participants in New Zealand and the United Kingdom were equal (14.1%). Of the participants, there were 1259 day workers and 1235 shift workers. Only 1% of the participants were underweight, 31.8% of the participants were overweight, and 26.9% were obese. Regarding diet quality and physical activity, the majority of the participants reported having high quality of diet (61.5%) and high level of physical activity (52.6%). Of the participants, 12.3% were current smokers, 32.5% were former smokers, and 55.2% were nonsmokers. About 10% of the total participants were risky or highrisk drinkers.
Crude comparisons between shift workers and day workers indicated that the prevalence of having low physical activity was higher in shift workers (Table 1) . Shift workers were found to have lower prevalence of being risky and/or high-risk drinkers (Table 1) . With regard to their smoking status, there was a higher prevalence of current smokers and never smokers in shift workers (Table 1) . After removing the effect of age on those associations, the differences between shift and day workers on their smoking status were no longer statistically significant (Table 1) .
Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. Shift workers were found to have a higher prevalence of being overweight or obese as compared with day workers (Table 1 ) and were about 4 years younger than day workers (P < 0.0001). After adjusting age as a confounder, shift workers were 1.15 times more likely to be overweight and 1.14 times more likely to be obese than day workers, respectively (P = 0.008; 95% confidence interval [CI], 1.04 to 1.28 and P = 0.03; 95% CI, 1.01 to 1.28, respectively) ( Tables 2 and 3 ). Physical activity, alcohol consumption, and age were all adjusted in the final analysis; shift workers were found to be 1.15 times more likely to be overweight/obese than day workers (P = 0.013; 95% CI, 1.03 to 1.28; P = 0.02, 95%, CI 1.02 to 1.30, respectively) ( Tables 2 and 3 ). Although the relative risk of being overweight/obesity was 1.15, shift workers can be about 1.3 times more likely to be overweight/obesity compared with day workers.
DISCUSSION
This sub-study found that 1% of the total participants were underweight (Table 4) , 31.8% were overweight, and 26.9% were obese, which suggests that the nursing and midwifery population face the problem of having unhealthy weight, especially being overweight or obese. As this was an adult female-only sample, the previously mentioned statistics were compared with the prevalence of unhealthy weight in the three countries. In the Australian female population 25% of females aged 18 years and older were overweight and 17% of adult females were obese. 27 The prevalence of overweight and obesity among the female population in New Zealand was 28% and 21%, respectively. 10 In the United Kingdom, the prevalence of overweight and obesity among females was 32.6% and 23.0%, respectively.
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The results of this sub-study clearly demonstrated that the nursing and midwifery population had a higher prevalence of overweight and obesity as compared with the general population across the three countries, except that the prevalence of overweight among women in the UK general population was about the same as the study sample. Unhealthy weight in groups of health professionals is surprising, given that they may be considered more informed than the general population. Moreover, the prevalence of being overweight or obese among shift workers in the present study was even higher (32.9% and 27.4%, respectively). On the contrary, only 1% of the participants were found to be underweight, and this finding was much lower than that in the general population in the three countries (Australia: 8.9%; New Zealand: 3.6%; and United Kingdom: 6%). [9] [10] [11] Although the problem of underweight was less serious than that of overweight and obesity, one should not neglect the health complications of being underweight.
The findings from the present study suggested that shift work might increase the likelihood of being overweight and/or obese by 15% or it could be as high as 30%. Similar results have been obtained from a prospective cohort study conducted among female nurses concerning the impact of shift work on weight gain, 31 which showed that more female nurses on night work exhibited excessive weight gain than nurses on day work (>7 kg; odds ratio [OR], 2.9; 95% CI, 1.2 to 6.9). The results were also in line with some studies on overweight and obesity in men and women employed in shift work in other occupational groups. For instance, Karlsson et al 32 reported that shift work was found to be associated with an increased OR in being obese among women (OR, 1.39; 95% CI, 1.25 to 1.55). Parkes et al 33 reported that increase in BMI was more marked in shift work over successive years of exposure (r = 0.19; P = 0.0025). Shift workers were found to be 1.6 times more likely to be overweight than day workers. 34 In three of the previously mentioned studies, shift work was defined as working outside typical daytime hours, including night work. Nevertheless, the definition of shift work was ambiguous and imprecise in the study by Karlsson et al. 32 Diet and exercise were regarded as fundamental causes to overweight/obesity; however, none of the four studies adjusted both factors in their analysis.
A systematic review on the associations between shift work and people's modifiable lifestyle factors (diet, physical activity, smoking, and alcohol consumption) and BMI reported that shift workers were more likely to be smokers or smoke more and to have a poorer diet when compared with day workers. 62 Nevertheless, the present study found that the majority of the participants reported having high quality of diet (61.5%), despite the fact that almost 60% of the study participants were found overweight or obese. It should be noted that the ARFS used to measure diet quality did not assess the amount of the food consumed, which could raise the question whether only measuring diet quality was the appropriate approach to assess its association with unhealthy weight. Nevertheless, after controlling age as a confounder, the present study did not find statistically significant differences in smoking or diet quality between day workers and shift workers. The systematic review reported heterogeneous findings on the impact of shift work on level of physical activities and alcohol consumption. 62 This study found lower level of physical activity among shift workers compared with day workers. Shift workers were also found to be less dominant in "risky" or "high-risk" drinkers in the study. Future analytical studies should be conducted to better understand the causal relationships between shift work and physical activity and alcohol consumption.
This sub-study drew on a large representative sample of female nurses and midwives across Australia, 63 New Zealand, and the United Kingdom (N = 2494) and considered the role of modifiable lifestyle factors (diet quality, physical activity, smoking, and alcohol consumption) in determining the association between shift work and unhealthy weight. Although some studies have reported that these modifiable lifestyle factors are related to BMI, [64] [65] [66] no study in the available literature has adjusted for their confounding effects when determining the association between shift work and unhealthy weight. This sub-study was the first of its kind to adjust for modifiable lifestyle factors in the analysis of the association between shift work and unhealthy weight and concluded that shift workers were 1.15 times more likely to be overweight or obese as compared with day workers.
This sub-study relied on cross-sectional data, which precluded the possibility to draw definite conclusions regarding causality and temporal relationships between the exposure and outcome variables. Future research should use study designs that yield higher levels of evidence about the complex associations between exposure to shift work and unhealthy weight. Furthermore, consideration of potential "healthy-worker effect" bias due to selection out of the study cohort is important. In this sub-study, it may be that work scheduling may have been impacted by individual health status, for example, some shift workers may have had given up working shifts because of health reasons, which may result in underestimation of the reported associations. In addition, study results were based on self-reported data that might be affected by social desirability (eg, responses on smoking and alcohol questions) and the ability to report information accurately (eg, height and weight data); however, there should be no reason to expect that response bias would differ between shift workers and day workers. Moreover, there were other factors that could have been controlled to strengthen the results, such as stress, sleep, circadian factors, availability of foods, metabolic changes, duration of shift work, past experience of shift work, and female reproductive factors. Variables, including participants' mental health, sleep menopause, and the use of hormone replacement therapy, are being considered in the subsequent longitudinal analysis undertaken to better determine the causal relationship between shift work and unhealthy weight. Informations on participants' circadian factors, metabolic changes, duration and past experience of shift work, and food availability were not collected in the baseline survey, however there is potential to explore these in future sub-studies. With respect to shift work, night work specifically has been associated with excessive weight gain among female nurses in a prospective cohort study. 31 The association between night work (including the duration of working nights) and unhealthy weight is currently being examined in the NMeS as the focus of a subsequent article. Finally, this sub-study included only female nurses and midwives. If the effects of gender can be controlled, then the association between shift work and unhealthy weight can be determined more conclusively.
CONCLUSIONS
To the best of our knowledge, this is the first study conducted among nurses and midwives across Australia, New Zealand, and the United Kingdom, examining the association between shift work and unhealthy weight, adjusting the modifiable lifestyle factors as confounders. Our findings suggest that shift work is associated with higher risk of being overweight and/or obese in female nurses and midwives. Studies that may yield higher levels of evidence are being undertaken by the authors to better understand the causal relationship between shift work and unhealthy weight.
